Non-invasive prenatal testing is increasingly available worldwide and stakeholder viewpoints are essential to guide implementation. Here we compare the preferences of women and health professionals from nine different countries towards attributes of non-invasive and invasive prenatal tests for Down syndrome. A discrete choice experiment was used to obtain participants' stated preference for prenatal tests that varied according to four attributes: accuracy, time of test, risk of miscarriage, and type of information. Pregnant women and health professionals were recruited from Canada, Denmark, Iceland, Israel, Italy, the Netherlands, Portugal, Singapore, and the United Kingdom. A total of 2666 women's and 1245 health professionals' questionnaires were included in the analysis. Differences in preferences were seen between women and health professionals within and between countries. Overall, women placed greater emphasis on test safety and comprehensive information than health professionals, who emphasised accuracy and early testing. Differences between women's and health professionals' preferences are marked between countries. Varied approaches to implementation and service delivery are therefore needed and individual countries should develop guidelines appropriate for their own social and screening contexts. 
INTRODUCTION
Many countries have established prenatal screening programmes for Down syndrome (DS), where an initial screening test is followed by the offer of an invasive diagnostic test for women with a 'high risk' result to allow definitive diagnosis. Non-invasive prenatal testing (NIPT), which analyses cell-free DNA in maternal plasma, is rapidly transforming prenatal testing for DS worldwide. 1 NIPT can be used from 10 weeks in pregnancy to screen for DS with high sensitivity (99.3%) and specificity (99.8%) and can detect other common chromosomal aneuploidies (Trisomy 18, Trisomy 13, and Monosomy X). 2, 3 NIPT allows screening for these conditions with much greater specificity than traditional DS screening (DSS) 4 and thereby significantly reduces the need for invasive testing (chorionic villus sampling or amniocentesis) with the associated small miscarriage risk. 5 Following the first evidence in 2008 that NIPT for DS was feasible, 6, 7 this test has moved swiftly into clinical practice with testing available in the private sector since 2011. Several USA and Hong Kong/China based companies now offer NIPT and have made their commercial tests widely available. 8 Uptake of NIPT, although frequently high, does vary between and within countries and a better understanding of what drives these differences is crucial to inform and optimise the prenatal testing services that are offered to women. Stakeholder viewpoints are essential to guide widespread implementation, especially in countries where NIPT will become part of a public healthcare programme. Here we have used a discrete choice experiment (DCE) to determine the relative importance placed on specific attributes of prenatal tests by pregnant women and health professionals (HPs) from different countries. By asking participants to choose between a series of hypothetical options with varying attributes, DCEs reveal which attributes influence choice behaviour, establish an individual's willingness to trade-off one attribute against another, and provide insight into real-life decision making. 9 DCEs have been used to explore preferences for screening and diagnostic tests for DS, looking at attributes such as miscarriage risk, the timing of the test, and the type of information available from test results. [9] [10] [11] [12] [13] [14] [15] Our previous DCE looking at preferences for prenatal tests with reference to NIPT in the United Kingdom demonstrated that HPs placed greater emphasis on test accuracy, while women prioritised test safety. 13 Here we explore women's and HPs' preferences for key attributes of the current DSS and testing pathway and compare these with attitudes towards NIPT in nine culturally diverse countries with differing healthcare systems. In addition, we examine the value placed on tests that give more comprehensive information as we move from karyotyping or microarray analysis, which detects trisomies and other pathogenic cytogenetic rearrangements, to NIPT which currently only reliably detects the major trisomies.
METHODS
Study design and analysis followed DCE guidelines. 16, 17 Nine countries participated: Canada, Denmark, Iceland, Israel, Italy, the Netherlands, Portugal, Singapore, and the United Kingdom (Supplementary Table S1 ). Local ethics approval was gained by each participating research team (Supplementary Table S2 ).
Study sample
A convenience sample of pregnant women attending maternity clinics or midwifery practices for routine clinical care was recruited. Women were invited to complete a hard copy or online version (Denmark only) of the questionnaire while waiting for a clinic appointment and had the option of reading a brief information sheet that described DS and tests for DSS and diagnosis.
HPs, who were likely to discuss prenatal testing options when delivering antenatal care to women, were recruited. In Denmark, Iceland, Israel, and Singapore HPs were invited by email and used an online version of the questionnaire. In all other countries potential participants were approached in person or as a group at a meeting/training session and invited to complete a hard copy of the questionnaire.
The type of hospital where participants were recruited varied between and within countries and included both large academic teaching hospitals and smaller regional hospitals (Supplementary Table S3 ). Only one country, Singapore, recruited private patients.
Questionnaire design
The questionnaire comprised three sections: (1) structured questions about prenatal testing; (2) DCE choice sets; and (3) demographic questions. Section (1) included a question asking participants to choose between test 1 (comparable to NIPT), test 2 (comparable to invasive testing) or no test. Test 1 was described as 99% accurate testing for DS, Edward's syndrome, or Patau's syndrome, and a blood test with no risk of miscarriage but, if positive, an invasive test, which has a 1% risk of miscarriage, would be recommended. Test 2 was described as 100% accurate testing for DS, Edward's syndrome, or Patau's syndrome, and gives additional information about rarer conditions that may cause learning disability, developmental delay, or other health problems. It was also described as being invasive with a 1% risk of miscarriage.
DCE attributes were the same as our previous UK DCE, which were obtained following literature review and consultation with stakeholders and were shown to generate plausible results. 13 The attributes cover key differences between NIPT and invasive tests; accuracy, time of test, risk of miscarriage, and type of information. The associated levels reflect current clinically feasible ranges ( Figure 1a) . Review of the literature shows that risk of procedure related
Attribute Levels
Accuracy 95%, 99%, 100% International preferences for prenatal tests M Hill et al miscarriage is 0.5-1% for amniocentesis and chorionic villus sampling, for simplicity the value of 1% was chosen for the scenarios in the questionnaire. 18 The DCE design follows the approach of Street and Burgess. 16 Two attributes had three levels and two attributes had two levels. The possible combinations of attributes and levels was statistically reduced from 32 (2 3 × 2 2 ) to 9 scenarios, using an orthogonal fractional main effects design. 19 A shift of one level created nine additional scenarios. The two sets of scenarios were paired to form nine choice sets. An additional choice set with one clearly superior test was included as an internal consistency check. Across the choice sets, all levels of each attribute occur with equal frequency (level balance) and within each individual choice set there is no overlap in attribute levels (minimal overlap). Women were asked which test they would prefer to have and HPs were asked which test they would prefer to offer. Participants were asked to choose between test A, test B or Neither (Figure 1b) .
Demographic questions for women included age, gestational age, education, religion, number of children, number of children with DS, familiarity with children with DS, and interest in prenatal testing. Demographic questions for HPs included job title, years in role, age, and gender. For non-English speaking countries, the questionnaires were translated by the local research teams.
Analysis
The DCE preference data were analysed for both women and HPs using a conditional logit regression model. 20 A constant term was included in the model to reflect the 'neither' option. 21 The sign (+ or -) of the coefficients generated in the regression analysis indicates the direction of the preference for each attribute. Participants were anticipated to prefer tests with greater accuracy, information, and safety (+ coefficient) conducted early in pregnancy (-coefficient). As the different attributes do not have the same unit of change, the absolute value of the coefficients has no direct interpretation. Each attribute must be measured on a common scale to enable comparison, this can be done in a number of ways including calculating the marginal rates of substitution and predicted probability analysis. 17 The marginal rates of substitution were calculated as a ratio of the coefficients of two attributes to allow direct assessment of how much of one attribute participants were willing to trade-off for more of another attribute. We also determined the predicted probability that two tests from the choice set representative of NIPT and invasive testing would be selected based on the model coefficients. 17 The software package Stata 12.0 (StataCorp, College Station, TX, USA) was used to perform all analyses.
RESULTS

Participants
Overall, 2707 women and 1275 HPs were recruited from 9 countries. Questionnaires were excluded if the consistency question was not answered as expected or if the respondents did not complete the choice set (women n = 41; HPs n = 30). Consequently, a total of 2666 women's and 1245 HPs' questionnaires were included in the analysis (Supplementary Table S3 ). The sample consisted of a highly educated group of women with over half having degree-level education in seven countries (Supplementary Table S4 ). In Italy the mean age was 36.2 years compared with 27.0-31.4 years for other countries. DSS uptake/ interest varied between countries from 90.3 to 97.4% in Denmark, Iceland, Italy, and Portugal, 78.6-81.6% in Canada, Singapore, and the United Kingdom, to 69.8% in Israel and 46.0% in the Netherlands. For HPs, the mean age ranged from 34.5 years in Portugal to 47.7 years in Iceland (Supplementary Table S5 ). Training background varied widely between countries as DSS counselling is delivered by different professionals. In all countries the vast majority of HPs were women.
Comparison of all women and HPs All attributes had a significant impact on women's and HPs' decision making; positive coefficients show that participants prefer safer tests with greater accuracy and comprehensive information, while the negative coefficient indicates preference for an earlier test (Table 1) . Table 1 Conditional logit regression and probability analysis comparing all women and health professionals 
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These results are consistent with a priori expectations, supporting the theoretical validity of the models. Comparison of women and HPs demonstrate that women assign a relatively higher value to test safety and having comprehensive information, while HPs place more emphasis on accuracy and early testing than women do (Table 1) . Probability analysis suggests women and HPs were equally likely to choose NIPT, but HPs would be more likely to choose invasive testing than women (Table 1 ). The marginal rates of substitution confirmed women's strong preference for a test with no risk of miscarriage as they were prepared to wait more than twice as long and accept 6 percentage points lower accuracy compared with HPs for a test that had no miscarriage risk (Table 2) . Women were prepared to wait more than twice as long and accept a 2 percentage point decrease in accuracy compared with HPs for a test that gave comprehensive information.
Comparison of women and HPs within countries
Comparison of women and HPs identified differences in preferences within each of the countries (Tables 3 and 4 ). In the majority of countries women valued safety more than HPs, whereas HPs placed more emphasis on accuracy and early testing than women. In three countries, Canada, the Netherlands and Portugal, women placed more emphasis on having comprehensive information than HPs (Tables 3  and 4) .
Comparison of women between countries
This comparison identified differences in preferences for each test attribute (Table 4) . Notably, women from Iceland, the Netherlands, and UK placed greater emphasis on test safety than women from other countries, whereas Italian women placed much lower emphasis on safety than all other countries. The mean probability of choosing a test with the attributes similar to either NIPT or invasive testing suggest that women from Italy and Portugal and, to a lesser extent, Israel, and Singapore, were more prepared to accept tests with a miscarriage risk to gain more comprehensive information than women from other countries ( Figure 2 ).
Comparison of HPs between countries
The preferences of HPs also differed between countries for each attribute (Table 4) . For example HPs in the Netherlands placed the greatest value on test accuracy and HPs in the Netherlands, Canada, and the United Kingdom placed greater value on test safety than HPs from other countries. The mean probability of choosing a test with the attributes similar to either NIPT or invasive testing suggest that HPs from Israel, Italy, Portugal, and Singapore are more likely to prefer to offer tests with a miscarriage risk to gain more comprehensive information (Figure 2 ).
Comparison of all women by age
Comparison of all women 35 and older with those under 35 identified differences in preferences, with older women placing greater value on having comprehensive information and less value on safety than younger women (Supplementary Table S6 ).
Direct choice between NIPT, invasive testing or no test
When asked to choose directly between having NIPT, invasive testing or no test, the majority of women (79.7-56.0%) in Denmark (79.7%), Canada (56.0%), Iceland (62.8%), Israel (37.7%), the Netherlands (47.7%), Singapore (46.32%), and UK (60.3%) chose NIPT over invasive testing (Figure 3a) . In Italy and Portugal more women (51.7 and 59.1% respectively) chose invasive testing rather than NIPT. Most countries had a sizeable proportion of women who chose not to have testing, including more than one third of women in the Netherlands and Israel. With the exception of Portugal, the majority of HPs in each country chose NIPT as their preferred test (Figure 3b ). In Israel, Italy, Portugal, Singapore, and UK a sizeable proportion (30% or more) chose invasive testing. The proportion of HPs choosing no test was very small (0-11.5%). The table shows where there was a significant difference between women and HPs in the emphasis placed on the attribute during decision making and whether it was women or HPs who had the strongest preference for the attribute.
International preferences for prenatal tests M Hill et al DISCUSSION Much has been published on NIPT, with many professional bodies advocating implementation for high-risk women, and others proposing its use as a primary screen, replacing traditional DSS. 22 With NIPT now available through commercial companies in more than 60 countries 8 and evaluation of implementation in the public sector underway, [23] [24] [25] this exploration of cross-cultural variation in women's and HPs' preferences for prenatal tests is timely. Overall, women placed greater emphasis on test safety and having comprehensive information than HPs, who placed more emphasis on accuracy and early testing than women. Differences were seen between women and HPs within an individual country and there were clear differences between women's and HPs' preferences between countries. These findings highlight the need for implementation strategies of NIPT to be country specific. For example, women from Italy and Portugal placed stronger emphasis on having comprehensive information on all chromosomal rearrangements than women from other countries, implying greater demand for the provision of invasive testing in these countries. Ideally, further targeted research into stakeholder views should be used to inform individual approaches to service delivery. Previous DCE studies looking at prenatal testing for DS in the United Kingdom, 9,10,15 Australia, 11 and the Netherlands 14 have shown similar results, whereby HPs valued accuracy and earlier timing of tests while women emphasised test safety and information. This difference is important, and HPs need to be aware that their views may differ from the women they are counselling. In all countries, pregnant women were willing to accept a less accurate prenatal test to access a test without miscarriage risk. To promote informed decision making, HPs should not focus solely on the benefit of test safety when discussing NIPT but should also carefully address the limitations of current NIPT technology. Informed decision making is an active process that in this setting should include accurate and relevant information about the scope and limitations of the tests, appropriate and up-to-date information about the conditions that are being tested for, and an opportunity to deliberate on all information in light of individual values and beliefs. 26 How HP's promote informed decision making is particularly pertinent as HPs determine how tests are presented and influence test uptake, 27 and women reportedly follow the advice of trusted HPs. 28 The option of not having testing also needs to be highlighted to women. When asked directly to choose between NIPT, invasive testing and no test, a sizeable proportion of 30 which found that even with NIPT as an option, up to one third of participants would decline DSS.
Our results suggest that values attached to key attributes of prenatal tests differ across countries for both women and HPs. Previous research has shown variation in women's views on prenatal testing between countries with respondents from Northern European countries more likely to value parental choice in prenatal testing than their counterparts in Southern Europe and Asia. 31 Variation in women's preferences between countries raises the question of whether differences exist between cultural groups within countries. There is some evidence suggesting ethnic minority groups in Western countries differ in how they view and use prenatal screening and testing. [32] [33] [34] Further research is needed to determine whether these differences include attitudes to NIPT and, if so, how these could be addressed to improve service delivery in increasingly multicultural societies.
Differences between countries are likely to reflect personal decisions influenced by attitudes to prenatal testing, disability, and termination and wider influences such as religion, social, and cultural contexts and healthcare policies such as the requirement for part or full payment for prenatal testing and access to termination of pregnancy. More nuanced differences in DSS programmes and policies may also impact on preferences. Crombag et al. 35 compared DSS programmes in Denmark, the Netherlands, and UK and speculated that variation in DSS uptake rates between these countries are influenced by how the offer of DSS is framed and viewed. For example, in Denmark (highest uptake) DSS is free and is offered in a social context where screening is viewed by many women as a routine part of prenatal care. In the Netherlands (lowest uptake) testing must be paid for and women are first explicitly asked if they want information on DSS before the information is provided, which places clear emphasis on the right not to know. Age differences may impact on the differences observed, with older women placing more emphasis on having comprehensive information and less emphasis on safety than younger women. This may in part explain the differences seen between Italian women and those from other countries as the mean age of the women recruited from Italy was greater than those from other countries. Other factors that may have a part in the differences seen between countries could include the type of hospital where recruitment took place or whether private or public patients were recruited.
Study limitations
A number of issues may limit the general applicability of our findings. This was a convenience sample and participants were self-selected, which may result in a bias towards those interested in prenatal testing taking part in the study. In addition, the majority (55.3%) of women who took part were highly educated and held a degree qualification or equivalent. Recruitment at individual centres may not reflect preferences across the whole country. For example, DSS uptake has been shown to vary considerably between different UK regions 27 and in the Netherlands. 36 In addition, the study was conducted in high-income countries. Low-income countries will face additional challenges and focused research is needed. 8 Another limitation is that partner preferences were not included in the study. Their views are clearly important and may indeed differ from those of women. The DCE design only considered four attributes of prenatal tests when real-life choices would also involve other factors such as false positives, access to tests and costs, and does not explore reasoning behind the choices made or give insight into how tests were perceived. Moreover, as in any stated-preference study, participant choices do not necessarily reflect choices that would be made if participants were faced with a real-life decision about testing. Another potential limitation is that the questionnaire was developed in English with translation undertaken by the local research team. The translation process may have resulted in variations in meaning and interpretation of the questionnaire and there may also be a loss of culturally specific meanings. 37 
CONCLUSION
Differences between women's and HPs' preferences were marked between countries, making it clear that approaches to NIPT implementation and service delivery should be country specific. Accordingly, it is important that individual countries take time to research implementation strategies, gather stakeholder views, and develop guidelines appropriate for their own social and screening contexts. Within each country women and HPs differed in the value they placed on test attributes. Implementation policies need to consider these differences to ensure needs of all stakeholders are met. As all women place great emphasis on test safety, it is important that pre-test counselling for NIPT thoroughly explores other attributes of NIPT, considers alternative options, and reflects on the possible implications of testing so that the focus of discussion is not just test safety.
